ABSTRACT
. Work order and MRO cost relationship. Based on Figure I -4 (Wireman, 2008, p. xii) .
Interdepartmental Integration
Interdepartmental integration is required when there is a business process that is executed across several department boundaries. Interdepartmental integration is the joining of several departments within an organisation to perform a function that share part of its process. A department receives an input and then processes it to add value to it. After that the output will be passed to the next department in the chain for further processing (Berente et al., 2009 ).
Usually, the performance of this function is affected by how well these departments communicate and support each other throughout the process. To get the best outcome from an interdepartmental integration, departments must collaborate toward achieving a common goal or predefined objectives. The communication must often be richer than can be achieved through regular communications like faxes, meetings, and emails. However, cooperation and willingness to support staff in the involved department is also required (Ellinger, 2000) . Therefore, with collaboration, information and resources are shared, assets are efficiently utilised, and knowledge and skills are improved (Bititci et al., 2007) .
Such integration can be internal or external. The internal integration is the integration of several departments of a single organization; external integration is the integration of an organisation with other organisations (Pagell, 2004) . If an organisation is seeking a development of efficient external integration, then an efficient internal integration is believed to be required (Giménez and Ventura, 2003) . Gimenez and Ventura (2005) , in their study of the impact of logistics integration on performance, concluded that companies appreciate the importance of the internal integration and collaboration to the success of their external integrations.
As business processes become increasingly computerized, e-maintenance systems will become critical to effective and efficient operations (Márquez et al., 2009 ). This may aid the integration of maintenance functions with upstream functions, improving overall performance (Mahmood et al., 2011) . Van Hoek et al. (2008) reviewed a large body of literature and found that two-thirds of the logistics integration papers focused on the integration between logistics and marketing or sales. The remainder investigated the logistics integration with research and development (R&D) or production. None focused on the logistics integration with the other departments within organisations. This is very understandable as traditionally logistics functions were part of the marketing and production departments (Gimenez and Ventura, 2005) .
Even though interdepartmental integration is very important and it improves process performance, many of the operational cross-functions involve logistics activities are unexplored (van Hoek et al., 2008) . Maintenance is one of these operational functions that remain unexplored.
RESEARCH METHOD & DESIGN

Research Question
After reviewing the literature on the warehouse operation strategies and processes, maintenance work order cycles, and interdepartmental integration, it is clear that the integration between warehouse logistics operations and maintenance planning has not received substantial attention. It was also indicated in the literature that the maintenance and warehouse operation interface largely involves inventory and work order components staging processes (Palmer, 1999 , Wireman, 2008 . This consists of storing, picking, and delivering the work order components. While maintenance planners attempt to ensure the availability of all needed components before scheduling work order execution, to avoid operation disruption, they are challenged with the use of the Just-in-Time and other management approaches and technologies used in warehouse operations to reduce inventory (Marquez and Gupta, 2006) . The ontime availability of the materials and spare parts required for a maintenance job is a key element to its success (Garg and Deshmukh, 2006) . Therefore, by improving the storing and picking processes, which are major components of the cost and performance of order fulfilment, the on-time delivery of the work order components can be improved (Petersen and Aase, 2004) .
This research therefore tries to answer the following question: "How can work order components of storage, picking, and delivery processes be improved to better serve the conflicted needs of maintenance and warehouse logistics operations?" The objective of this research is to analyse the work order components storing and picking processes, taking into consideration the viewpoints of the warehouse operation and the maintenance planning personnel, in order to resolve the conflict in their needs through the improvements of these processes.
To support this process improvement three questions have been formulated. First, what is the best storing strategy to supporting this process improvement? This focuses on identifying the best possible way of storing work order components after receiving them. Several strategies were proposed in related literature (de Koster et al., 2007 , Petersen, 1999 , Hompel and Schmidt, 2007 , Petersen and Aase, 2004 , Gu et al., 2007 , Larson et al., 1997 . Throughout the analysis of the storing process, one of these strategies is selected.
Second, how should the picking be conducted to support this process? This focuses on how the picking process should take place when the work order is executed. The current picking process will be studied to define areas of improvements, and then enhancement will be suggested.
Third, what information that can be shared across departments to improve this process? This focuses on the available information within the SAP system will be identified. After that, information that can be shared among departments to enhance process performance will be evaluated.
Research Method
Logistics problems are messy and ill-structured, which is the nature of most of the business problems in real-world situations (Näslund, 2002) . Logistics functions and operations tend to be largely cross-functional. Therefore, this research uses empirical interpretive research methods by applying a design science research approach. Craighead et al. (2007) believe that logistics studies should use multiple research approaches, which result in better findings and promote synergies produced from the combination of the methods used. The combination of approaches will help to (1) enrich the development of the conceptual model; and in (2) using triangulation to enhance the interpretation of the finding (Gable, 1994) .
Part of the research involves the search and creation of a new process design, or artefact, and so it falls under the design science research paradigm. While there have been multiple approaches proposed to guide design science research projects (Walls et al., 1992 , Venable, 2006 ; the approach suggested by Vaishnavi and Kuechler (2004) was adopted as it is a relatively succinct, clear, and integrative approach. It provides coherent and easily followed steps that match those needed to complete the research. This research paradigm is inherited from problem-solving approaches, in which the researcher uses imagination and empirical facts to invent the desired situation (Laurel, 2003) . Although design research has a foundation in problem solving, Hevner et al. (2004) stressed that design research should address a specific problem class or type. Within a problem class, several stakeholders' views are considered in the solution. This differs from a normal problem-solving approach where a specific problem with a single stakeholder view is solved. Hevner et al. (2004) went further to identify the features of the problems that can be studied using design research:
• Unstable requirement with poorly-defined constraints.
• The components of the problem have very complex solutions and interactions.
• The design process is fixable and can adapt to any defined model.
• The developed solution is highly dependent on researcher creativity.
• The successful solution is highly dependent on the synergy resulting from effective teamwork.
Using these criteria to evaluate the appropriateness of the design science approach to our research project, we judge it to be suitable as:
• The problem has complex solutions addressing several strategies in warehouse management and interactions between two business functions within the company • The design process will generate an enhanced business process which can be design using any process improvements approach • The developed solution is highly dependent on researcher creativity • The successful solution is highly dependent on the synergy resulting from effective teamwork. The objective of this research is to promote the collaboration between warehouse management and maintenance, which will require effective teamwork to success.
The focuses on the system development which can lead to theoretical contributions (Venable, 2006) . However the focus is on the process of creation of an artefact. In design research, the researcher invents a new solution (Venable, 2006) . This new solution eliminates facets of the current reality to achieve a desirable future state (Hevner et al., 2004) . Vaishnavi and Kuechler's (2004) general methodology for design research consists of five steps: awareness of the problem, suggestions for improvement, development of enhanced processes, evaluations, and articulation of a conclusion. The current study follows these steps.
Awareness Step
The current state with no integration of processes between maintenance and logistics operations has been identified as a source of concern and frustration for workers.
Suggestion Step
In the suggestion step, the research team envisions a creative solution to or modification of the existing components of the situation to overcome the identified problems. This step does not propose a complete solution to the problems; the focus is instead on highlighting the major components of the solution (Vaishnavi and Kuechler, 2004) In this research, the required improvements to overcome the gaps identified in the previous step were be highlighted.
Development Step
In the development step, the suggestions proposed are to be implemented in an artefact. Depending on the situation studied, the development of the artefact could be a new model, process, method, or system (March and Smith, 1995) .
problems within the current process and identify the possible ways to overcome them. Therefore, the outcome of these interviews will be used to develop a conceptual model, which will be used to generate the questionnaire afterward. Interviews have particular methodological strengths and weaknesses (Yin, 2009) . The strengths of the interview method include:
• Clear insights into a situation can be obtained from an experienced respondent • Respondents can provide researcher with the situation history • The interviewer has the chance to clarify questions, hence collecting useful responses
And the weaknesses of this method include:
• High cost and extensive time required It was appropriate to use interviews within this research, as the respondents were required to provide in-depth details about the current process of handling work order components and highlight the problems within the current process.
Survey Method
Surveys can be a qualitative technique, used to capture an understanding of the phenomenon at a point in time (Galliers, 1991) . Within this approach, the researchers "sample many respondents who answer the same questions, measure many variables, test multiple hypotheses, and infer temporal order from questions about past behaviour, experiences, or characteristics [...] An association among variables is measured with statistical techniques" (Neuman, 2006, p. 276) . Surveys are an accepted tool to study society and organisations (Galliers, 1991) . As this research involves research in an organisation, the survey is considered to be a useful tool.
The survey method has particular strengths, including (Galliers, 1991) :
• Greater number of variables can be studied • Large sample sizes reduce the concerns about generalization.
The weaknesses of surveys include (Galliers 1991 ):
• Little insight is gained about the subject being studied • Potential for a respondent's bias
ANALYSIS AND OUTCOMES
This section outlines how the data were analysed to present opportunities for improvement and focuses on the use of the gap methodology, indicating where the present processes fail to achieve the desired outcomes.
Gaps in the Current Process
The current process of handling the storage and picking of the maintenance work order components has several gaps that can be improved. These gaps affecting the delivery performance and at the same time increase the warehouse operation costs.
The first gap is the double handling of the staging process at two locations within the process. The warehouse operation at the materials management department stages all the work order components until the planner requests it. As each component has a single picking document, the work order components will not be sorted together. Thus, each item is delivered separately. Therefore, the maintenance department must sort and consolidate work order components together after receipt. Moreover, work orders might be delivered to the maintenance site partially. Therefore, items received need to be stored again until all the components are available so that a complete task can be completed. The lack of batching and consolidation of work order components during the picking process creates this inefficient use of resources.
The second gap in the process is the lack of collaboration and the use of the available information. Even though all the information about the staged materials is available in the SAP system, the maintenance planner does not use this information to develop the weekly workshop schedule table. Instead, the materials will be requested from the warehouse in patches. Then, when all the components are available at the maintenance site, the schedule will be developed. This approach disregards the opportunities for collaboration with the warehouse operation from the use of available information. Moreover, the weekly workshop schedule table is not shared with the warehouse operation personnel, who are then unable to anticipate the forthcoming workload. The planning and utilisation of the resources at the warehouse operation become suboptimal. However, warehouse operations might be challenged with a huge number of requests for work order components delivery. The performance of these deliveries might be poorer if advanced planning by sharing information between maintenance planning and warehouse operation was instituted.
The third gap is the inefficient warehouse operation. The two main processes of warehouse operation that have a direct impact on the performance of the work order components delivery are the storage process and the picking process.
The storage process does not utilise the available information in the system to optimise the selection of the storage location. During the storing process, the storekeeper does not have information about the work order components stored previously within the staging area. The receiving documents contain the work order reference number, but they do not suggest an optimal storage location for the received item. The SAP system does not have a standard strategy to store the received items based on a reference to a work order.
The storage process uses the simplest storage strategy, which is the Random Storage strategy. Although this strategy provides the best space utilisation of the storage location (Hompel and Schmidt, 2007, Petersen and Aase, 2004) , it impacts on the cost of the picking process by generating less efficient picking routes. These routes have a longer travel distance as items to be picked are distributed among the storage locations.
In addition to the long picking routes generated, the picking process does not account for the integrity of the work order components. The system does not generate a consolidated picking list by work order; for example, a work order containing 70 components will have 70 picking documents. All documents are printed in several copies, which contribute to the overall cost of the process. Each picked item must be packed separately as there is no consolidated list. Thus, extra costs are incurred for the additional packing materials, labelling, and processing time. Similar to the storage strategies, the SAP implementation does not have a standard picking strategy to pick items by work order reference.
Suggested Improvements
From the three gaps discussed earlier in this section and from the interviews conducted with maintenance planners and warehouse operation personnel, the two stakeholders of the process, the following improvements are suggested:
• Eliminate the double handling of the staging process.
• Ensure the utilisation of all the available information to promote the collaboration between the maintenance planning and warehouse operation.
• Adapt a storage strategy that uses the work order as a reference for selecting the storage location at the staging area.
• Ensure the integrity of the work order components during the picking and packing processes.
These improvements can be developed based on three factors, which are order consolidation, regular communication, and scheduled deliveries. The new process tries to eliminate the gaps identified in the previous section, which are double handling activities, lack of collaboration, and inefficient warehouse operation.
• The use of a dedicated storage strategy to stage work order components.
• The use of a consolidated pick list containing all the work order components.
• The use of a consolidated packing to pack all the work order components together.
• All the work order components quantities are shipped simultaneously.
• The use of a scheduled deliveries to the workshop based on the weekly workshop schedule.
The sharing of available information. As soon as all the work order components are stored in the warehouse, a notification message is sent to the maintenance planner. The process also suggests that the warehouse operator receives an advanced notice of the workshops schedule.
Following the design research approach of Vaishnavi and Kuechler (2004) these proposed changes were evaluated through a structured process. This was planned to commence with a low-cost survey to evaluate opinions about the proposed changes, before a more substantial pilot study would be undertaken later.
The survey contained seven questions for evaluation using a three-point scale (Agree, Disagree, Neutral). The target population was the company's maintenance planners, workshop schedulers, maintenance engineers, warehouse supervisors, and warehouse specialists. This represents more than 2,500 employees. The survey was sent to a random sample of 200 participants representing the target population. Participants worked in different maintenance departments supporting several types of plants, such as gas plants, oil refineries, marine terminals, and oil pump stations. These are employees who would be directly affected by the implementation of the suggestions and as such would provide a realistic view of the validity applicability of the suggestions. A total of 62 responses were received, which represent 31% response rate. The responses were then combined under three categories Agree, Disagree, and Neutral. Using a descriptive statistic, the responses under each category were analysed. The results are shown in the table below.
The table shows that the overwhelming majority of the respondents are of the view that the suggested improvements would either be beneficial or they are neutral. In particular, the first five suggestions more than half of the respondents are in favour of the change. The suggestions for sharing and using the weekly workshop schedule to plan and dispatch delivery trips did not receive a significant positive response. On the other hand, almost the same number of respondents had a neutral view, indicating that they were ambivalent about the impact the suggestions might have on enhancing the delivery process. Overall a relatively small percentage of respondents disagree with the proposed improvements. The proposed process suggests that information about the complete received work order components at the warehouse can be shared with the maintenance planners. The maintenance planner will then use this information to schedule the work order execution. This suggestion received the highest agreement percentage from the respondents at 87%. Sharing this information among the two departments, Maintenance and Warehouse operation, will improve the internal integration within the company. This integration is believed to be a requirement for the development of efficient external integration (Gimenez and Ventura 2003) .
The other information suggested to be shared in the new process is the weekly workshop schedule. This information will be sent to the warehouse operation in advance to be able to plan resources and to be able to anticipate future workloads. Only 42% of the respondents agreed that sharing this information with the warehouse operation will positively improve the delivery process. This is the lowest percentage received in this survey; however, 40% of the respondents did not see any effect of this information on the process performance. In addition, the proposed process suggests the use of the weekly workshop schedule to plan the delivery trip. Only 47% of the respondents agreed that dispatching delivery trips based on the weekly workshop schedule will improve the delivery process performance. On the other hand, 39% of respondents did not see any effect of this suggestion on the process performance.
As stated in the literature review chapter, the area of integration between maintenance and logistics is still unexplored (van Hoek, Ellinger, and Jonson 2008) . This research studied the possible opportunities in this area. By studying the interface between maintenance planning and one part of the logistics functions, which is warehouse operation, many opportunities are addressed to improve collaboration between maintenance planning and logistics. Using the available information in the SAP system, both warehouse strategies and maintenance planning processes can be optimized. The suggested process in this research ensures the utilisation of the available information to enhance the cross-departmental functions and improve the resource utilization.
Three of the suggestions proposed in the new process are believed to have an effect on improving the performance of the work order components delivery process, based on the survey conducted in this study. These suggestions are:
• A notification message sent to the maintenance planner once all the work order components are completely received at the warehouse • The work order components are staged in one location • The system generates a consolidated pick list by work order.
Future Cycles of the Design Science Approach
Further cycles of the design science approach were not undertaken due to time constraints. Based on the feedback from the survey, a pilot study would be undertaken with the most promising of the proposed processes, with rigorous assessment of outcomes of the designed processes. Comparisons with extant processes would then determine which of the processes should be implemented in a full redesign of the maintenance and warehouse operation processes.
Managerial Implications
This study shows that business process improvements can be made by focusing on cross-functional process integration. Not only is business process improvement facilitated by cross-functional process integration but if this is done appropriately then substantial financial savings can be realised. We have shown that warehouse operation strategies do have an impact on the work order performance through the on-time delivery of its components. In addition, regular communication and utilisation of the available information can also improve the scheduling of work order execution.
To improve warehouse operations careful consideration should be given to storage strategies. There are various possible storage strategies including random storage strategy, dedicated storage strategy and class-based storage strategy. The proposed process suggests the use of a dynamic version of the dedicated storage strategy. When the first item of a work order components received at the warehouse, the system suggests a storage location based on the work order reference number. This location then will be dedicated to stage the components of that work order only. This approach can serve the goal of the suggested process of storing all the work order components in one storage location.
Even though this approach might require more storage space inside the warehouse, it will substantially reduce the time needed to pick the components during the picking process; hence improving the overall process delivery performance. It is therefore recommended that a dynamic dedicated storage strategy be used to maintenance function within a warehouse environment.
The study also shows that careful consideration should be given to the picking process. Organisations should refrain from piecemeal picking but rather ensure that all the work order components are picked and sorted together before the shipping. This can be achieved by printing a single pick list for all the work order components. Picking all the components in one picking route shorten the distance travelled by the picker, hence, improve the picking process efficiency. Importantly, picking all the work order components together also preserves the integrity of the order. Moreover, the use of pick-and-sort sorting strategy during the picking process eliminates the need for the sorting process afterward. As all the items are stored together in one storage location, the picking and sorting process will require less effort from the storekeeper. The study also confirms that sharing of relevant information in a timely manner would improve the process.
The proposed process suggests that information about the complete received work order components at the warehouse should be shared with the maintenance planners. The maintenance planner will then use this information to schedule the work order execution. Sharing this information among the two departments, Maintenance and Warehouse operation, will improve the internal integration within the company.
The other information suggested to be shared in the new process is the weekly workshop schedule. This information could be sent to the warehouse operation in advance to enable planning of resource utilisation and anticipate future workloads. Combining these various initiatives should ensure a more efficient use of resources and result in real financial savings to a company.
Academic Implications
This study sheds light on the challenges involved in the integration of maintenance and logistics functions. It is clear that there is a great deal of complexity surrounding the activities within these functions. The research indicates to logistics researchers that the design science approach can provide significant benefits in terms of providing a structured method to analyse and improve existing operations. The results also indicate that not all communication would be considered equally valuable; notification of complete orders was considered vital by most respondents, but the sharing of a weekly workshop schedule was not considered to be useful. These results are based on a survey and so there may be some misunderstanding on the parts of the respondents, or it may show that the information that is considered valuable is information in 'chunks', which require no interpretation or analysis, such as a 'notification'; a shared schedule would require interpretation and comparison with existing work. The implication is that cross-functional process design must manage the more mundane analysis and interpretation elements, and instead focus on clear communication of information to users.
CONCLUSIONS
Process improvement through cross-functional process integration is often overlooked as a way of improving efficiency within an organisation. As shown in the literature review, the area of integration between maintenance and logistics is still substantially unexplored (van Hoek et al., 2008) . By studying the interface between maintenance planning and one part of the logistics functions, which include warehouse operations, a number of opportunities have been identified to improve collaboration between maintenance planning and logistics. Using the available information in the SAP system, both warehouse strategies and maintenance planning processes can be optimized. The suggested process in this research ensures the utilisation of the available information to enhance the cross-departmental functions and improve the resource utilization.
Limitations
This research is conducted using a single case. Generalisations to other cases should be made carefully. In different situations, some of the work order components might need to be shipped to a fabrication shop before they go to the maintenance site; therefore, they require a different delivery schedule and process. This scenario of the work order components' delivery process was not included in this study. A similar study, perhaps undertaken within a different industry sector, would go some way to provide an objective verification of the findings. This research is also limited as the processes are configured under a SAP system and application to other systems used by maintenance or warehouse operation may be difficult.
Another limitation of the research was that the artefact was not fully implemented; the new process was designed, and this design was the artefact. Thus, the new process was not working during the evaluation step; therefore, caution should be used when interpreting the evaluation results. The evaluation survey is measuring respondents' opinions about the proposed process and not the actual performance of the process after implementation.
Future Research
This research can be extended in two main ways, through the completion of the design research cycle and through extension to include other elements of the maintenance-logistics processes. The evaluation in this research used a survey to evaluate the opinions held by respondents about how the proposed process would improve operations. Therefore, it does not evaluate the real performance of the suggested process. This represents an initial phase of a larger design science project which will involve the updating of processes in the workplace. Thus, the current study can be improved through completing this design science cycle and conducting summative evaluations of effectiveness of the changes.
